Highlight
Maximum soil surface temperatures varied from 182 F to 1260 F for fuels that varied from 1546 to 7025 lb/acre Tempil card data correlated well with these data-r = 0.919.
The duration of temperatures above 150 F varied from 0.9 to 5.4 minutes.
The data from this study can be used to simulate approximate intensities of natural fires with a portable burner.
Fires with soil surface temperatures above 1000 F show potential to kill mesquite trees.
This study is the beginning of a series of fire studies on mesquite (Prosopis glandulosa var. glandulosa) to determine the potential of fire as a tool in the management of mesquite.
The primary objective of this study was to determine the range of temperatures that occur in different grass communities on which mesquite and other brush species grow. By knowing the range of temperatures that occur in different grassland communities, we can simulate these temperatures on experimental plots to determine the potential role of natural fire in brush management.
Several studies indicate that fire damages young mesquite trees and, to a limited extent, old mesquite trees (Glendening and Paulsen, 1955; Reynolds and Bohning, 1956; Cable, 1965) . Most desirable, however, fire does not harm grass production in the mixed prairie for more than two years (Hopkins et al., 1948; Launchbaugh, 1964) . With only slight harm to grasses and with some damage to mesquite, fire appears to have a potential for at least containing mesquite. Bently and Fenner (1958) in California and by Ito and Iizumi (1960) and Rothermel, 1965) . Byram (1958) 1 a so states that high moisture content of the forage slows down the combustion rate and heat yield. Smith and Sparling (1966) , however, reported that the highest relative humidity was recorded at the highest temperatures in jack pine, indicating that moisture content of litter and vegetation, which would be related to humidity, is of minor importance at least after ignition and spread of fire.
Both temperature and duration of exposure are greatly influenced by wind (Hare, 1961) . Whittaker (1961) observed that an increase from a slight wind to a moderate one and the subsequent fanning of the flames caused a temperature rise of 172 F to 312 F at ground level.
By contrast, if the wind was strong, the equivalent temperature was reduced because the flames swept quickly over the vegetation and their effect did not reach ground level. Smith and Sparling (1966) found that wind speed was less in the hotter fires than in the cooler fires, which indicates either that wind speed is of lesser importance or else that wind speeds over 4.46 mph have a cooling effect.
Slope has the same effect as wind in bringing the flame closer to the fuel and preheating it. As a slope becomes steeper, the average size of a fire on the slope becomes greater (Murphy et al., 1966) .
In South Carolina, Lindenmuth and Byram (1948) found that head fires were consistently hotter 18 inches above the surface and that back fires were consistently hotter below 169 Head fires develop considerably more heat than back fires because the flames are fanned by the wind to ignite new fuel ahead of the front (Hare, 1961) . More fuel burns per unit of time, and more aerial fuels are consumed. Therefore, head fires usually do more crown damage than back fires.
STINSON AND WRIGHT
In back fires the parts near the ground are exposed to high temperatures for a longer time (Hare, 1961) . Radiation from the approaching flame front and slow movement of the front make back fires more damaging than head fires at points close to the ground (Byram, 1957; Hare, 1961) . McKell et al. (1962) found that slow burning into a mild wind in mid-afternoon with low relative humidity provides the most favorable condition for maximum seed damage to medusahead grass.
Where the chief fuel is grass, size of plot for measuring temperatures is of minor importance.
Soil temperatures were no higher for a fire which burned 40 acres than were temperatures for a fire which burned 0.0023 acre having the same type of vegetation (Heyward, 1938) . Temperatures up to 1100 F as measured by McKell et al. (1962) on plots 30 x 30 ft also indicate that small plots are probably just as adequate as large plots for measuring temperatures.
Specific objectives of this study were (1) to determine maximum temperatures at soil surface in relation to quantity of grass fuel, (2) to determine the duration of temperatures above 150 F in relation to quantity of grass fuel, and (3) to compare maximum temperatures of thermocouples with those of Tempils.
Methods and Procedures
We collected temperature data from two separate studies in northwest Texas-one on the high plains and one on the rolling plains. On the high plains, six l-acre burns were planned on the Bob Macy and Post Montgomery Ranches, located about 10 miles southwest of Post in Lynn County, Texas. Vegetation included mixtures or pure stands of buffalograss (Buchloe dactyloides), sand dropseed (Sporobolus cyptandrus), blue grama (Bouteloua grucilis), vinemesquite (Panicurn ob tusum), tobosa (Hiluriu muticu), and some less abundant species. Topography is level and the elevation is approximately 2880 ft.
On the rolling plains, five burns were planned-one near Colorado City, two about 15 miles east of Guthrie, and two about 7 miles north of Quanah. Plot size varied from 5 to 90 acres, and elevation varied from 1602 to 2130 ft. The vegetation was similar to that on the high plains.
Thirty 4.8 ft2 quadrats were clipped to sample the fuel on each planned burn on the high plains. This was an adequate number of samples to determine the weight of fuel within 10% of the actual mean at the 0.90 confidence level. Weight of current growth (cured condition) by species and litter was collected. On the rolling plains the quantity of fuel on each area was estimated on thirty 4.8 ft2 plots.
Moisture content in the fuel material was determined at the time of each burn. In addition, wind speed, air temperature, relative humidity, and percent sky cover were recorded. The weather conditions were determined with a field weather kit.
In preparation for the burns, firelines were graded around the areas. On the leeward sides of the areas two firelines were graded about 40 ft apart. Before burning, the strips between the firelines were backfired to have one wide fireline on the leeward side at the time of the experimental burn.
All areas were burned as natural headfires with a south to southwesterly breeze. Headfires were used in preference to backfires because they have the greatest potential to damage trees (Fahnestock and Hare, 1964) . The areas on the high plains were all burned in the afternoons of a two day period in order to minimize the variability of weather conditions.
The areas on the rolling plains were burned during the following week.
Maximum temperatures and durations were recorded with a Speedomax W multipoint recorder, which was powered by a 12-volt car battery and an ATR-IZU-RHG Inverter. Connected to the recorder were six iron-constantan thermocouples that were located at random in each area. The double glass-wrapped silicone-impregnated wire (24 a.w.g.) and thermocouples were placed at the mineral soil surface.
The thermocouples were pressed on the mineral soil surface and then released so that they were measuring soil surface temperatures, but were not in contact with the soil.
Moreover, the thermocouples were placed about 60 ft from where the fire was started and in openings between the clumps of grass. "Tempil cards," which contained commercial temperature pellets that melt upon reaching specific temperatures, were placed throughout each planned burn in vegetation comparable to the thermocouple locations to compare the accuracy of the cards with thermocouples. Maximum temperatures were recorded for the highest Tempil which stuck or melted to the .Ol inch thick mica cover.
Red ts
Quantity of fuel in the different burns ranged from 1545 to 7025 lb/ acre (Table 1) . Corresponding maximum fire temperatures at the mineral soil surface varied from 182 F to 1260 F, while maximum temperatures of Tempil cards at comparable locations averaged about 10% below thermocouple maximums.
The duration of temperatures above 150 F usually lasted from 2 to 4 minutes, but occasionally they lasted as long as 8.5 minutes in heavy tobosa.
For the two sets of thermocouple data, (1) high plains and (2) rolling plains, the regression of maximum fire temperature (Y) on quantity of fuel (X) is significant (r = 0.69). However as indicated in Fig. 1 , the standard error of the predicted mean temperature for both sets of data is high. The difference in magnitude of fire temperatures between the two sets of data is puzzling, but is partially attributed to a significant difference in air temperatures.
Average air temperature for the high plains was 69 F whereas average temperature for the rolling plains was 81 F (Table 2) . Wind Maximum temperatures were usually quite variable within each burn (Table  3) . Some of this variation can be explained by the variation in composition such as mixed patches of tobosa, vinemesquite, buffalograss, blue grama and sand dropseed which all differ in yield. Also, the uneven soil surface within each area seemed to affect temperatures.
The correlation between average Tempil maximums and average thermocouple maximums in Table 3 is 0.919. On all areas except one, average maximum temperatures for Tempil cards were lower than the average thermocouple maximums. This over-all difference is statistically significant, but is biased since the Tempil intervals were 100 F. In other words, the Tempil intervals were not close enough to expect an exact correlation.
The duration of temperatures above 150 F averaged from 0.9 to 5.4 minutes ( Table 3) . The thin and light fuel, like buffalograss, had average temperatures above 150 F for only 0.9 min. Temperatures in the heavy tobosa remained over 150 F for 2 to 4 min longer than on all other areas. This longer duration is most likely related to larger quantities of fuel. These longer durations may have also been influenced by the compact and somewhat woody growth form of tobosa. 
Discussion
Our range of maximum temperatures for the High and Rolling Plains of Texas are comparable to those recorded in medusahead grass in California by McKell (1962) .
His temperatures varied from 335 F to 1100 F for fuel that averaged 5200 lb,;' acre. By contrast, our temperatures are considerably higher than those reported by Bently and Fenner (1958) and Ito and Iizumi (1960) .
For a given set of weather conditions, maximum temperatures increased linearly as fuel increased. This was shown for two sets of data in this paper. The linearity of the regression lines should be helpful to other researchers in planning the temperature capacity of equipment needed for burning studies. The lines should also be helpful in approximating a range of realistic temperatures for artificial burns. Species composition did not affect maximum temperatures, but on area III of the high plains it affected duration (Fig. 2 ). This one area had a lot of sand dropseed which was consumed very rapidly by fire. This is the only case in which duration of temperature was not in proportion to quantity of fuel on the high plains. On the rolling plains variation was too high to draw any conclusions. Duration of temperatures were generally related to quantity of fuel.
It is well known that wind speed, air temperature, and relative humidity influence temperatures (Hare, 1961) . Air temperature was apparently influential in this studv. Wind indicated an effect
